Introduction
Several circumstances can cause a metabolic acidosis. Some cases pose diagnostic problems. Mindful clinical evaluation and logical laboratory work-up are crucial to find the correct diagnosis. We report the case of a patient with a severe metabolic acidosis. Further investigations led to an unexspected diagnosis in a timely fashion contributing to an uneventful recovery.
Case
A 49-year-old man consulted the emergency department with a brief history of moderate headache, anomia and ataxia. There was no fever, and no evidence of infection, trauma or alcohol intake. His medications included mirtazepin and escitalopram for a history of depression. On first examination, the patient was confused and incoherent without focal neurologic signs. Electrocardiogram, head CT-scan, chest X-ray and lumbar puncture showed no abnormalities. Initial laboratory findings (haematology, serum electrolytes, creatinine, urea, glucose, C-reactive protein, ethanol) were within normal limits. A moderate leucocytosis of 13.3 g/l was noted. Could this be basilartype migraine or something else? In the course of the following hours, the patient developed hyperventilation. Why is he hyperventilating? Could it be a psychogenic cause? Blood gas analysis showed a pronounced metabolic acidosis (pH 7.2, base excess −18.4 mmol/l, serum bicarbonate 6.2 mmol/l). What would be your next step? Giving a bicarbonate infusion? Measure the anion and the osmolar gap.
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With a high suspicion of EG intoxication, therapy with intravenous ethanol was initiated. Thiamin 100 mg IV and pyridoxine 50 mg IV were given additionally. Because of respiratory failure, the patient was intubated and transferred to a tertiary care hospital where ICU and fomepizole were available. On admission to the intensive care unit, initial arterial pH was 6.97 with serum bicarbonate of 6.4 mmol/l and lactate of 11.1 mmol/l peaking at 21.0 mmol/l 40 min later. Bicarbonate infusion as well as therapy with fomepizole was initiated immediately. Two concomitant high-flux haemodialysis treatments were performed (every 3.5 h). The first measured serum glycolic acid concentration was 878 mg/l (toxic level >60 mg/l); it decreased to 27 mg/l after initiation of fomepizole and haemodialysis therapy. Over the next 24 h, the patient developed non-oliguric acute renal failure needing renal replacement therapy over a period of 5 days followed by a polyuric phase. Two days after admission, the patient suffered from severe bilateral flank pain without macrohaematuria. Neither hydronephrosis nor crystal aggregation could be seen in the CT scan. The renal biopsy performed 8 days after admission was consistent with oxalate nephropathy (Figure 2 ). The patient had an uneventful recovery within the next weeks. Clarification of the circumstances leading to the EG intoxication suggested an accidental intake without suicidal ideation.
Discussion
EG is a colourless and sweet-tasting alcohol compound, commonly used as an antifreeze and de-icing solution in windshield wiper fluid, solvents, fuels and other chemical products. The most severe intoxications occur secondary to ingestion, while inhalation and dermal exposure only rarely cause toxic effects.
Without treatment, an intake of 1-1.5 g/kg body weight of EG is considered lethal. EG is absorbed rapidly following oral ingestion with serum concentrations peaking within 1-2 h. The estimated serum half-time without treatment lies between 3 and 8 h [1] . Although not toxic itself, EG is rapidly metabolized by alcohol dehydrogenase (ADH) to glycolaldehyde (rate determining step) that is in turn oxidized by aldehyde dehydrogenase to glycolic acid (physiologically present in its anionic form, glycolate). The latter is further converted by a metabolically slow step to glyoxalate and ultimately oxalate. Both first steps require as co-factors reduced nicotinamide adenine dinucleotide (NADH) [2] . Metabolic acidosis observed in EG poisoning is almost entirely due to glycolic acid, although increased lactic acid production may play a contributory role in certain cases. In contrast to EG, which is an alcohol and therefore leads to an osmolar gap, glycolic acid is physiologically dissociate and does not per se account for this finding. The level of EG in mg/dl can be estimated by multiplying the osmolar gap by 6.2 [3] . Since EG is rapidly metabolized to glycolic acid, the typical finding of an osmolar gap may be lacking at presentation and thus misleading. For this reason, when available, diagnostic confirmation by colorimetric or gas chromatographic quantification of glycolid acid should be performed [4] . Glycolic acid concentration and serum bicarbonate at admission correlate better with the severity of the poisoning and the outcome than the EG level itself [3] . High serum lactate observed in this case is not a typical feature encountered in EG poisoning, but may be present if reduced NADH is highly depleted. This finding is often encountered in patients treated primarily with ethanol, since its proper metabolism consumes NADH, a co-factor needed to further metabolize lactic acid [5] .
The clinical course can be divided into three phases. Shortly after ingestion, mild effects like inebriation and sedation are present (similar to alcohol intoxication). Coma, seizures, hyperventilation (Kussmaul respirations) and hypotension follow. In a second phase (12-24 h), cardiopulmonary symptoms including tachycardia, hypotension, heart failure and pulmonary oedema develop due to the toxic effects of glycolic acid; most deaths happen in this stage [5] . The final phase is reached 24-72 h after ingestion and is characterized by the development of acute renal failure consistent with acute tubular necrosis, which may be accompanied by flank pain caused by hydronephrosis secondary to obstruction with calcium oxalate crystals. The pathophysiology of renal injury is not entirely clear. Deposition of calcium oxalate monohydrate crystals exhibit direct cytotoxic, cytolytic and apoptotic effects in animal and human cellular models of proximal tubules involving cell membrane injury, activation of enzyme activity and production of free radicals and lipid peroxidation [6] . In cell-culture studies, direct toxicity of glycolic acid has not been observed, whereas glycolaldehyde and glyoxylate induced severe toxicity in cell cultures of proximal tubules. Urine can contain characteristic dumbbell-shaped monohydrate crystals or octahedral dihydrate crystals. Dihydrate crystals require higher oxalate concentrations and are indicative of an intoxication with EG. These crystals following EG ingestion can help in the diagnosis when present but are unreliable and may be absent even with high-level exposure [7] . The differential diagnoses of an increased anion gap include lactic acidosis, uraemia, ketoacidosis and intoxication with methanol, salicylate or EG.
Because of rapid absorption, there is little role for gastrointestinal decontamination. Bicarbonate is indicated for patients with a pH <7.3 [8] . ADH should be inhibited preferentially with fomepizole or ethanol. Fomepizole is preferred to ethanol because of its better pharmacokinetic predictability, simple use, superior metabolic properties, higher affinity to ADH and better tolerance [7, 9] . After an intravenous loading dose of 15 mg/kg every 12 h, 10 mg/kg every 12 h for maximum 48 h is administered until the EG level falls to <20 mg/dl. The dose should be adjusted in the case of haemodialysis (4 h interval or maintance dose increased to 1.5 mg/kg/h). Thiamin (100 mg IV) and pyridoxin (50 mg IV every 6 h) may enhance the conversion of some toxic metabolites to non-toxic products as co-factors of the intermediary metabolism [7, 10] , but human data are lacking. Haemodialysis is effective in clearing EG and its metabolites, thus leading to rapid correction of metabolic acidosis.
Indications for haemodialysis in patients with EG intoxication remain not uniformally defined. They include metabolic acidosis (arterial pH <7.30 despite bicarbonate infusion), EG level >50 mg/dl, alternatively an anion gap >20 mmol/l or a glycolic acid level >8 mmol/l and presence of end-organ damage [8, 11] . Haemodialysis should be continued until serum pH is within normal limits, EG concentration is <20 mg/dl and no signs of systemic toxicity persist. Assuming a first-order dialytic elimination rate and one-compartment system, the equation C 1 /C 0 = e −kt/V , where C 1 (mg/dl) represents the desired drug level, C 0 the current drug level, k the clearence constant (0.2 l/min, available for high-flux haemodialysis) and V d the volume of distribution (0.6 l/kg), the required dialysis time (t) in minutes can be estimated using the formula t = −V d /k × ln(C 1 /C 0 ) [12] . Conversion factors:
1. glycolic acid 1 mmol/l = 76 mg/l = 7.6 mg/dl. 2. ethylene glycol: 1 mmol/l = 62 mg/l = 6.2 mg/dl.
Teaching points
1. In disoriented patients with deteriorating vital signs and metabolic acidosis, intoxication with ethylene glycol (EG) should be considered. Blood gas analysis helps in determining the direction of the diagnostic work-up. 2. In patients with hyperventilation (Kussmaul respiration) ketoacidosis, uraemia, lactic acidosis and intoxication with methanol, salicylate or EG has to be ruled out. 3. Anion gap acidosis, high osmolar gap and the presence of oxalate crystals in urine are highly suggestive of EG intoxication. 4. Cornerstones of EG intoxication treatment are prompt inhibition of alcohol dehydrogenase, preferentially by fomipezole, haemodialysis and supportive treatments.
